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Abstract 
In this contribution we present multi-channel microinjector arrays fabricated by a reliable three-layer SU-8 process and 
assembled with glutamate biosensor microprobes1. It enables local delivery of specific liquids into brain tissue for the stimulation 
or inhibition of neuronal activity combined with simultaneous monitoring of biochemical substances. Real-time measurements in 
the prefrontal cortex of the rats’ brain demonstrate the successful in vivo calibration of the biosensor responding to pressure 
injections of small volumes of the neurotransmitter glutamate in its local vicinity. 
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1. Introduction 
The on-line monitoring of concentration changes of the neurotransmitter L-glutamate in brain tissue became of 
high interest in recent years. In combination with the recording, the delivery of chemical substances is indispensable 
to a) demonstrate a proper functioning of the biosensor (in vivo calibration) and b) stimulate or lesion specific brain 
regions. These injections have to be local with precise and small volumes and secondly at specific target areas or 
defined distances relative to the biosensors. The assembly of biosensor microprobes with conventional stainless steal 
tubing is one of the solutions previously presented2. Other groups included microfluidic channels directly into the 
silicon microprobes themself3. Herein we present an interim solution where microinjector arrays are fabricated using 
surface micromachining technologies that are later assembled with existing biosensor microprobes1. The material 
used is the biocompatible epoxy resin SU-8, which is frequently used for systems with applications in the 
biochemical environment. This approach has several advantages: 
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 • The microinjectors can be used with previously fabricated biosensor microprobes and their design can be 
optimized for simple and reliable assembly. 
• The short fabrication process allows to adapt the layout without high amount of additional investment. 
• Design and shape of the injectors are only restricted by the process boundaries of SU-8 resist. This provides the 
possibility to create for example injector arrays or multiple channels in a single injector probe. 
 
For multilayer structures with enclosed fluidic channels in SU-8 a lot of effort has been made to achieve reliable 
fabrication processes4. We present a version optimizing critical steps as lamination and alignment of the layers to 
fabricate freestanding microinjector arrays with several fluidic channels. 
2. Materials and Methods 
The fabrication process is explained in detail in Fig. 1. It consists of three layers of SU-8 resist structured by two 
different masks designed with conventional 2D software. The first one is integrated on a Pyrex substrate to simplify 
alignment. Previous to the first SU-8 spin-coating, the substrate is covered with a sacrificial layer of dextran5 
providing a simple release when fabrication of the probe arrays is completed. 
 
 
Fig. 1. Complete fabrication process of the SU-8 microinjectors. The rapid processing time of 2 days allows flexibility in adaption of the 
design towards other biosensor probes. 
A first 40 µm-thick SU-8 layer is spin-coated onto the Pyrex substrate and exposed from the backside using the 
integrated mask. After the post exposure bake (PEB) the second layer is directly spun over the undeveloped SU-8 
and exposed from the topside using an aligned second mask. Immersing it in PGMEA develops both layers at the 
same time. The third SU-8 layer (40 µm) is spin-coated onto a 12-µm PET substrate attached to a handling wafer. 
During the softbake the previously fabricated layers are brought into contact with the partially soft SU-8. Of critical 
importance is the time of lamination: The softbake consist of two ramps, the first one to 65 °C kept for 10 min and a 
second one to 95 °C kept for 30 min. The SU-8 layer on PET is left on the hotplate to cool down gently preventing 
internal stress. As soon as the temperature reaches 70 °C both parts are brought into contact (TG,SU-8 ≈ 65 °C). Once 
finally cooled-down to room temperature, the third layer can be directly exposed through the integrated mask 
without any alignment. During development the PET substrate is peeled off. The release of the SU-8 injectors is 
done by immersion in DI-water dissolving the dextran. 
The principle of the biosensor is the amperometric detection of peroxide using glutamate oxidase modified 
electrodes. Once implanted, the electrodes are polarized at 0.7 V versus an Ag/AgCl reference electrode thus 
providing a current signal correlating with the glutamate concentration. 
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3. Results and Discussion 
An example of a fabricated SU-8 device with two injectors each comprising a single channel is shown in Fig. 2. 
It is thought to be assembled with a 4-needle comb with multiple biosensors (Fig. 5, right). Different tip designs 
were implemented (Fig. 2, right) to assess the optimal outlet shape in vivo. The thickness of the probe was measured 
as 130 µm. The height of the channel is 50 µm. During lamination the 70 µm high channel walls are penetrating into 
the still soft third SU-8 layer. This assures a good seal of the channel. 
 
 
The complete assembly of a single biosensor silicon probe and a SU-8 microinjector with two integrated channels 
is presented in Fig. 3. Due to the specific design adapted to the shape of the silicon probe the fluidic outlets can be 
precisely placed at a defined distance of 50 to 500 µm with a precision of about 20 µm from the biosensor electrode.  
 
Fig. 2. (left) Example of a double-injector design with a single 
channel in each probe. (right) Two different design of shapes of the 
tip of the probe (single- and double-channel) 
 
Fig. 3. Assembly of the biosensor probe with a double-channel SU-8 injector 
(6 mm) on a standard printed circuit board. Wire bonds are used for electric 
connection, standard silicone tubing for the fluidic one. 
 
Fig. 4. Current response due to an injection of glutamate at 
a distance of 0.5 mm from the biosensor implanted in agar 
gel (0.7 V vs. Ag/AgCl). 
 
The assembly was tested by inserting it in agar gel and delivering glutamate solution near the biosensor (Fig. 4). 
For the in vivo experiments male Lister Hooded rats were anaesthetized with urethane (1.5 g/kg; i. p.) and placed in 
a flat-skull position in a stereotaxic frame. A 4-needle comb, shown schematically in Fig. 5 (right), was implanted 
vertically into the medial prefrontal cortex (mPFC). The double-channel fluidic microprobe allowed injection of 
small volumes of 200 mM glutamate solution or only phosphate buffered saline (PBS). Current increases were only 
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 observed on the biosensor electrodes, not on the sentinel channels or when PBS was injected (flow-rate 500 nl/min 
using a Hamilton syringe pump, 5 µl-volume syringe). 
 
             
Fig. 5. (left) In vivo response to repeated injections of different volumes of a 200 mM L-glutamate solution (dissolved in PBS) and 
PBS itself. (right) Configuration of the 4-needle comb with 8 electrodes (4 biosensors, 4 sentinels) and two double-channel SU-8 
injectors. The uncolored, lowest biosensor microprobe was not used in this experiment. 
4. Conclusion 
SU-8 photoresist offers many possibilities to fabricate systems for biomedical applications. The presented 
fabrication process realizes buried channels for microfluidic devices. An actual example is the fabrication of 
microinjector arrays in combination with biosensor microprobes. Simultaneous chemical recording and stimulation 
in brain tissue at high reliability is demonstrated with an in vivo monitoring of L-glutamate in the brain of an 
anesthetized rat. 
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